Abstract: Little higgs theories attribute light higgs to being one of a set of pseudo Nambu Goldstone bosons. This implies that the UV cutoff of the little higgs models should be around 10 TeV, and a new physics resides above the UV cutoff. The composite little higgs model, a candidate for UV physics of the littlest higgs model, incorporates supersymmetry into strong gauge dynamics. We find that this construction is very similar to the bosonic technicolor model. We further explore flavor physics and generation of ordianry fermion mass in this model. We also find that lepton flavor violations and neutrino mass matrix arise once we introduce R-parity violating superpotential to this model, as in a generic MSSM with R-parity violations. We identify various low-energy effective ∆L = 2 lepton flavor violating operators, and we find that most of them are identical to those of the MSSM with R-parity violations. But there is a new operator which involves leptons and the pseudo-Nambu Goldstone bosons in the littlest higgs model. We further investigate this case where the dominant neutrino mass matrix comes from interactions with the pseudo Nambu Goldstone bosons.
Introduction
In the Standard Model (SM) there are four particles whose masses are still unknown, the Higgs boson, h and the three neutrinos (ν e , ν µ ,ν τ ). The SM Higgs boson is required to generate the masses of fermion and of boson by electroweak symmetry breaking (EWSB). But the SM does not predict the Higgs mass, and only experiment can tell what the Higgs mass is. The direct searches at LEP set the lower bound on the SM Higgs mass, ∼114 GeV [1] while precision electroweak data, obtained at the colliders (LEP, SLD, C0, CDF) in the framework of the Standard Model, suggest the SM Higgs boson must be relatively light and its upper limit is ∼210 GeV. This gives us a hope that the SM Higgs is light enough to be discovered at the LHC in near future. Till then, much theoretical work is also devoted to discovering new physics beyond the SM. On the other hand, neutrinos were introduced as massless particles in Weinberg-Salam model almost forty years ago. However, through the past few years, several neutrino experiments have provided convincing evidence for massive neutrinos and neutrino oscillations [2] . This is another solid evidence of the new physics beyond the SM.
There are two different types of neutrino masses: Dirac-and Majorana-type. As an example of Majorana-type neutrino masses, in a generic see-saw mechanism very massive right-handed neutrinos are integrated out yielding a dimension five operator (ℓh)(ℓh)/M R at the low energy scale, where ℓ is the SM left-handed lepton doublet, h is the SM higgs doublet, and M R is the mass scale of the right-handed neutrino. This leads to neutrino mass which is quadratic in the higgs vev, m ν ∼ v 2 /M R . The current neutrino experiment data predict M R 10 15 GeV which is so high that it cannot be directly tested. On the contrary, triplet scalar models admit the possibililty of Majorana-type neutrino mass with only left-handed neutrinos [3] . In these models, the dimension four operator yℓℓφ gives rise to Majorana mass for neutrinos. Here φ is a triplet scalar, and y is a dimensionless coupling which is expected be tiny to account for lightness of the neutrinos. After the neutral component of the triplet φ acquires a vev, v ′ the operator generates Majorana mass which is linear in v ′ , m ν ∼ yv ′ . To explain data on the ρ parameter the triplet vev should be very small. For example, taking the triplet vev to be ∼ 1 GeV, we see that for m ν 0.1 eV the coupling should be 10 −10 . In a third way, R-parity violating (RPV) superpotential from supersymmetric theories induces a tiny neutrino mass [4] . In this scenario, to describe neutrino mass hierarchy in a simple fashion, the bilinear superpotential is assumed to give a dominant contribution to neutrino masses while one-loop corrections from trilinear superpotential is assumed to give sub-leading contributions. In general, the RPV parameters in the superpotential still should be small.
A new theory for the mechanism of EWSB was developed from deconstruction theory two years ago. This theory is named "the Littlest Higgs (LH) model" [5, 6] because it is the smallest extension of the SM to date that stabilizes the SM higgs mass on the electroweak scale. In the LH model the hierarchy problem of the SM is naturally solved in a manner similar to the supersymmetric extension of the SM: The one-loop divergences from the SM particles of spins J = 1, 1/2, 0 on the Higgs mass parameter are cancelled by those from new massive particles of the same spins J = 1, 1/2, 0, respectively [7] . Unlike the supersymmetric models, the LH model has a UV cutoff of around 10 TeV, at which scale new physics should be introduced. In the LH model the SM higgs doublet belongs to a set of Goldstone bosons in an SU (5)/SO(5) nonlinear sigmal model, and other elements of the Goldstone bosons are a heavy complex triplet, the counterpart of the SM higgs doublet. The nonlinear transformation of the Goldstone bosons under the collective global symmetries naturally ensures the absence of the SM higgs mass term of the form m 2 |h| 2 . However, at the electroweak scale the SM higgs potential is induced by the Coleman-Weinberg potential [8] in the gauge sector as well as in the fermion sector, and the SM higgs mass is generated by loop contributions from the massive particles. To predict the higgs mass precisely, one requires physics beyond the LH model.
In this article, we consider neutrino masses in the LH model. When one takes into account neutrino masses and and neutrino oscillations in the LH model it is a big drawback that the UV cutoff of the LH model is relatively low, being typically in the range of 10 TeV Λ 100 TeV. As mentioned above, the neutrino mass scale is so tiny that one demands either a very large mass scale or tiny couplings for leptons in constructing models beyond the SM. The UV cutoff of the LH model is so low that the LH model may require to get tiny couplings to be explain small neutrino masses. One naively expects that the presence of the triplet gives rise to the dimension four operator yℓℓφ below the TeV scale, as in a generic triplet model. Further, since the triplet and the doublet scalars belong to a set of pseudo Nambu Goldstone bosons (pNGBs) one expects the presence of the dimension five operator (ℓh)(ℓh)/M without any massive right-handed neutrino. After both the triplet and the doublet acquire vev's one expects that neutrino mass contributions comes from the doublet as well as the triplet together. This is a crucial feature that we shall investigate in detail.
The outline of the rest of the paper is as follows: In section 2 we review the higgs sector of the LH model, and take into account the low-energy effective ∆L = 2 LFV operator. In section 3 we review the composite little higgs model as a candidate for the UV physics of the LH model. In section 4 we further investigate flavor physics in the composite little higgs model. In section 5 we introduce R-parity violation in the composite little higgs model, and then identity ∆L = 2 LFV operators. In section 6, we investigate neutrino mass matrix from the various LFV operators coming from PRV couplings. In section 7, we consider the case where only LFV operator, coupled to the pNGB of the LH model, gives a dominant neutrio mass matrix. Finally, we draw a conclusion in section 8.
Littlest higgs model

The higgs sector
The Littlest Higgs Model begins with a global SU (5) symmetry, with a locally gauged sub-
]. The SU (5) global symmetry is spontaneously broken down to its subgroup SO(5) at the scale f ∼ 1 TeV. The vev associated with the spon-taneous symmetry breaking is proportional to the 5 × 5 symmetrical matrix
The global symmetry breaking results in fourteen NGBs. Among them four NGBs are eaten by the gauge bosons so that the gauge group [SU (2) × U (1)] 2 is broken down to its diagonal subgroup SU (2) L × U (1) Y which is identified as the electroweak gauge group. The remaining ten NGBs can be parameterized by the non-linear Σ field as follows:
where Π is the NGBs which fluctuate about this background in the broken directions,
Thus the ten pseudo-NGBs are grouped into a complex doublet h and a complex triplet φ with hypercharge Y h = 1/2 and Y φ = 1, respectively, under the unbroken gauge group
The doublet h is identified as the SM higgs while the triplet φ is an addition to the Standard Model. The mechanism of collective symmetry breaking generates the potential for the triplet and the doublet: The triplet acquires a large mass of order gf from oneloop gauge quadratic divergent part of the Coleman-Weinberg potential, while the higgs doublet acquires a negative mass squared parameter from logarithmically enhanced parts of the Coleman-Weinberg potential in the gauge sector, in the scalar sector and in the fermion (third generation up-type quark) sectors. The gauge and scalar sectors give logarithmically enhanced positive contributions while the fermion sector gives a logarithmically enhanced, negative contribution. The contribution from the fermion sector dominates over the positive gauge and scalar contributions, triggering EWSB. The SM higgs quartic self-interaction is induced at the weak scale after the massive triplet is integrated out. The low energy effective potential admits vev's for the fields: The higgs doublet vev is h 0 = v/ √ 2, and the neutral component of the triplet vev is φ 0 = −iv ′ . The triplet vev should be much smaller than the SM higgs doublet vev to explain data on ρ parameter.
Lepton flavor violating operator
We now consider interactions between the SM leptons and Σ in the LH model. The global SU (5) symmetry, by itself, does not tell us anything about how to construct nonlinear interactions because the SM fermions are not charged under the global symmetry. However, since the subgroup [SU (2)×U (1)] 2 of the global symmetry are gauged and the fermions are charged under the gauge groups one can make a probe for the interactions. In the LH model, the left-handed leptons are transformed as a doublet under SU (2) 1 and a singlet under SU (2) 2 while the right-handed leptons are transformed as a singlet under SU (2) 1 and SU (2) 2 .
To account for mass of the charged leptons, the LH model contains the Yukawa interaction of the form [5] 
where (i) ℓ α i are left-handed doublets of leptons with generation indices α = 1, 2, 3 and the gauge index i, j = 1, 2, (ii) (e c ) β are right-handed singlets with flavor index β, (iii) λ e αβ are the leptonic Yukawa couplings as in the SM, and (iv) the index k = 3 and x, y are summed over 4, 5. Remind that the Latin letters represent row and column indices while the Greek letters represent flavor indices. As we expand (2.5) in power of 1/f , we see that the SM Yukawa terms are given at leading order.
There may be other low energy effective interactions with the SM leptons and Σ in the LH model. For instance, physics beyond the SM must admit lepton flavor violations to account for tiny neutrino masses observed in neutrino oscillation experiments. Provided that neutrino mass is induced primarily from Σ field, one can consider a LFV operator of the form
where z αβ are couplings, and ǫ is the 2 × 2 antisymmetric matrix. The two antisymmetric matrices in (2.6) are introduced to get correct contraction of SU (2) 1 gauge indices. Because the SM lepton fields are a fundemental representation under SU (2) 1 gauge group, the two SM lepton fields in (2.6) are contracted by two SU (2) 1 gauge indices of Σ field. Note that (2.6) violates lepton flavor number by two units, and preserves the SU (3) 2 global symmetry in the lower 3 × 3 block of Σ, while breaking the SU (3) 1 global symmetry in the upper 3 × 3 block of Σ. As we expand the Σ field we see that (2.6) yields a triplet-involved LFV operator of the form ℓℓφ, as in a generic triplet model [3] .
In addition, one can consider other LFV operators originating from UV physics of the LH model since the UV cutoff, Λ ∼ 10 TeV, is not high enough to ignore effects of the UV physics completely. There might be other LFV operators associated with new particles which have masses higher than the UV cutoff. As non-zero neutrino masses require physics beyond the SM, non-zero neutrino masses require UV physics of the LH model, which provides us another motivation to look for UV physics of the LH model. We shall discuss it in the next section.
In the rest of the section we focus only on (2.6) to investigate interesting properties of lepton flavor violations in the LH model. The upper 2 × 2 block of the Σ field is expanded in powers of 1/f :
Then (2.6) is expanded to the leading order as follows:
Note that the operators are associated with the triplet appear at dimension 4 while operators associated with the doublet appear at dimension 5.
After the doublet h and the triplet φ develop vev's, mixing occurs between the doublet and the triplet. See the details in Appendix. The low energy effective operator is given in terms of the mass eigenstates of the higgs and the longitudinal components of the gauge fields
where Φ + and Φ ++ are the singly charged and doubly charged scalars, and G + is the Goldstone boson that is eaten by the W + boson, giving it a mass. Note that theν c ν associated term gives Majorana masses to neutrinos, so the neutrino mass matrix is then given by
Lightness of neutrinos arises from tininess of the couplings z αβ . As shown in Eq. (2.10), the h vev acts like a triplet vev at order v 2 /f . Though we do not know the vev of the triplet there is a relation between the two vev's by demanding the triplet mass squared to be positive, v ′ v 2 /4f . Furthermore, the current experimental limits on the ρ parameter lead to more stringent constraint on the triplet vev, v ′ 1 10
. As a consequence, the doublet contribution to neutrino mass is larger than the triplet contribution:
The absolute scale of neutrino masses is not determined by the neutrino oscillations, but can be determined by the observation of the end-point part of the electron spectrum of Tritium β-decay, the observation of large-scale structures in the early universe, and the dectection of the neutrinoless double beta decay. From these observations, one can set the upper limit on the heaviest neutrino mass at the 0.1 ∼ 1 eV scale. Then the upper bound of the coupling constants is estimated by
It is such a tiny number that one may raise a question on its origin. In the next section, we will study a successful mechanism for the tiny coupling. Finally, we mention that the presence of the coupling allows rare LFV processes, i.e., rare muon decays like µ → eee and µ → eγ.
Composite little higgs model
We now explore the origin of the LFV operator from a plausible UV physics of the LH model, and identify the underlying symmetry that makes the coupling so tiny. There are two known UV completions of the LH model by now: one is composite little higgs model (CLHM) [11] and the other is suggested by the Ads/CFT correspondence [12] . Both models suggest the presence of strong dyamics in common.
Here we further develop the CLHM as a UV physics of the LH model. Before we study the CHLM we list criteria that a natural UV theory of the LH model should meet: In the follwings, we explain why the CLHM is a UV physics of the LH model containing the LFV operators.
The first requirement implies that the SM higgs is considered as a pNGB resulting from SU (5)/SO(5) symmetry breaking, just like pions resulting from the global SU (2) L × SU (2) R symmetry breaking in QCD chiral perturbation theory. The composite higgs model [10] attributes a light higgs to being a composite of fermions ψ * interacting via strong gauge dynamics.
To fulfill the second requirement, the UV physics of the LH model presents a mechanism of generating fermion masses. In the LH model fermion masses are induced from the effective operators like Eq. (2.5). As one accepts the compositeness of pNGBs in the LH model, one should explain the existence of operators connecting the SM fermions and the pNGBs in the LH model in terms of operators connecting ordianry SM fermions and fermions ψ * . This is implemented by a renormalizable operator of the form φ * ψ * ψ sm , where fermions ψ * and scalars φ * are additions to the SM, and ψ sm is an ordinary SM fermion. The mass of fermion ψ * should be much lighter than the UV cutoff of the LH model in order to form pNGBs in the LH model while the mass of scalar φ * should be equal to or higer than the UV cutoff so that it integrated out and disappear in the LH model.
To stabilize the heavy scalar φ * , we incorporate supersymmetry into strong gauge dynamics of composite higgs model such that the mass scale of the heavy scalars, coming from soft supermmetry breaking, matches the UV cutoff of the LH model, Λ ≈ 4πf 10 TeV. This can satisfy the third and fourth requirements at once. As in the MSSM, the supersymmetric partners of SM fields decouple quickly as their masses become larger than a few hundred GeV, making their contributions to precision electroweak observables adequately small. Therefore, if one increase soft symmetry breaking scale above 10 TeV, effects of the superpartners will be much suppressed compared with those in the MSSM, and we might not trace the presence of the superpartners at the LHC. As for flavor violations, one expects supersymmetric effects to flavor violating processes to be sufficients small due to large mass of sfermions and gauginos. However, there may be other sources of flavor violations like heavy gauge bosons and the triplet higgs in the LH model. But these effects are not related to the CLHM directly, and we do not consider them in this particle. In what follows we assume, for simplicity, that soft supersymmetry breaking scale is equal to the UV cutoff of the LH model.
The above four requirements allow us to regard the CLHM as a leading candidate for the UV physics of the LH model. To implement lepton flavor violation in the CLHM we introduce R-parity violating interactions to supersymmetry as in Ref. [4] , which offers an elegant path to accommodate lepton number violations and hence, non-zero neutrino masses. Thus we can identify the underlying symmetry that brings out small lepton flavor violations as R-parity in a supersymmetric theory.
In the CLHM the underlying strong force building fermion condensates, dubbed as "Ultracolor", is taken to be an SO (7) gauge group, and all the SM particles are neutral under Ultra-color. The quantum numbers of matter superfields in the theory are listed in Table 1 . Note that chiral superfields Φ 0,2,2 ′ are additions to the generic MSSM, and their fermionic fields form the pNGBs, which are parameterized by Σ in the LH model. Further, H u and H d are up-type and down-type Higgs superfields, respectively, as in the MSSM. The scalar components of the Higgs fields are irrelevant to the SM higgs. Their main role is to connect the SM fermions to the Ultrafermions, and their vev's are driven dynamically by Ultra-color condensate. We will discuss their roles in detail later. In addition, Y and Y ′ are introduced to evade the gauge anomalies in the theory. In a simple scenario, their interactions with other supermultiplets are either suppressed by their large masses or forbidden by some unknown global symmetry. For example, renormalizable superpotentials of the form QY E c , Φ 3 Y Φ 2 or Φ3Y ′ Φ 2 ′ should be highly supressed.
Let us review the SU (5)/SO(5) symmetry breaking in the CLHM in detail. The (approximate) SU (5) global symmetry of the LH model acts on the fields Φ 2,2 ′ ,0 . When the Ultra-color forces become strong at the scale Λ, bilinears of Ultrafermionsφ 0,2,2 ′ condense [5] as
By comparing hypercharge of bilinears of the condensates with that of Σ in the LH model one can see that S 22 corresponds to the higgs triplet, φ to the leading order while S 2 ′ 2 ′ corresponds to hermitian conjugate of the higgs triplet, φ † . Further, S 02 yields the higgs doublet, h to the leading order while S 02 ′ yields hermitian conjugate of the higgs doublet, h † . On the other hand, the scalar partners, Ultrascalars φ 0,2,2 ′ , have a large mass of order Λ, so they are integrated out below the scale Λ, and disappear in the LH model. The masses of the triplet and the Ultrascalars are in general constrained by the precision electroweak corrections. In the LH model, the mass of the triplet turns out to be of order TeV to meet the current precision electroweak tests. On the other hand, the masses of the Ultrascalars in our theory are presumably taken to be Λ, and thus they easily satisfy the present precision electroweak tests. For the precision electroweak corrections from the CLHM one see the Ref. [11] .
Fermion masses in the composite little higgs model
We now discuss flavors in the CLHM before we search for lepton flavor violations. We first investigate origin of the Yukawa interactions for the quarks and leptons in the LH model. For leptons, the Yukawa interactions emerge from (2.5), and the charged leptons acquire masses from the vev of the composite doublet higgs. For down type quarks, the Yukawa interactions are given in the same fashion as in leptons. In contrast, the Yukawa interactions for up-type quarks are obtained in slightly different ways: (i) Σ is replaced by its complex conjugate, Σ * , and (ii) the third generation mixes with a heavy vector-like fermion with a mass of order a TeV, and the top quark becomes much heavier than other SM quarks. The linear combination of the third generation of up-type quark field and the heavy vector-like fermion field, orthogonal to the top quark field, gives a large negative radiative correction to the composite doublet higgs mass squared parameter, and triggers EWSB in the LH model. In order to introduce light quark and lepton masses in a renormalizable theory, we couple the quarks and leptons to the Higgs superfields H u and H d in the same fashion as the MSSM does. As described before, the Higgs scalars H u,d have a large supersymmetric mass of order Λ, they do not appear in the low energy effective theory. How about their vev's? In the LH model, the vev of the composite doublet higgs generates fermion masses, so the vev's of the Higgs scalars H u and H d should be negligible in the LH model. Note that the Φ 0 Φ 2 , a singlet under the SO (7), has the same quantum numbers as the up-type doublet scalar H u .
One may note that this scenario is very similar to the bosonic technicolor model (BTM) [13] , which merges supersymmetry and technicolor into a theory to resolve the phenomenological difficulties that supersymmetry and technicolor separately have. The particle content of the BTM is as follows. There are (i) technicolor gauge bosons, (ii) techni-fermions T , (iii)
H . We now apply the main idea of the BTM to the CLHM when we drive the SM Yukawa couplings. In the CLHM, the Yukawa couplings are governed by the the superpotential
and soft supersymmetry breaking scalar terms
where we take M u,d , M 0,2 to be real and positive, and we omit soft-supersymmetry-breaking mass terms of the SM sfermions and gluino which are nearly irrelevant to flavor problem. Further, we adjust the over-all phase of the superfields H u and H d so that B is real and positive. In a simple scenario, we assume that all the mass parameters in the superpotential and in the scalar potential are of the same order Λ:
Like the MSSM, the µ parameter is required to give a supersymmetric mass to the Higgsinos in order not to appear in the LH model. The λ u,d,e parameters are the Yukawa couplings of the up quark, down quark and lepton superfields at high energy, respectively. Note that the ω parameter is an addition to the general renormalizable (R-parity conserving) superpotential as in the MSSM, and its main role is to link the SM fermions and the Ultrafermions via the Higgs scalars, H u and H d . For simplicity, we take ω be real and positive by adjusting the over-all phase of the superfields Φ 0 and Φ 2 . Note that the smaller ω is the less coupling between the SM fermions and the Ultrafermions, which result in smaller masses for the SM particles. Thus the ω parameter has a lower bound. Finally, the B parameter is important in that it couples between the two Higgs bosons H u and H d . Now let us relate the Yukawa couplings above the UV cutoff scale to those at the electroweak scale. To do so, we briefly describe the physics from the top down. At the UV cutoff scale, massive superpartners of the SM fields and Ultrascalars decouple. At the same scale, the Ultra-color forces become strong so that the Ultrafermion condensate is triggered, and the SU (5) → SO(5) symmetry breaking occurs. That is, the triplet and doublet in the LH model appears as a set of NGBs. At the energy scale f , the triplet higgs φ gets a mass of order gf . Below the energy scale f , one gets couplings of the quarks and leptons to the higgs doublet h, which is equal to the composite field S 02 to the leading order: where y u,d,e are the Yukawa couplings at low energy 1 . At the electroweak scale, the doublet higgs acquires a vev so that EWSB takes place. At the same time, the quarks and leptons acquire masses from the doublet higgs vev as proceeding via Ultrascalar exchange, as shown in Fig. 1 . Thus one estimate the Yukawa couplings at low energy as follows:
where we have used (4.3). In order that Yukawa couplings for the up type quark are com- Given the low-energy Yukawa couplings alone one cannot determine the value of ω parameter because the high-energy Yukawa couplings are still unknown. However, as mentioned before, the ω parameter is constrained by a heavy quark mass. Since the top quark in the LH model acquires a large mass by mixing with a vector-like quark whose mass lies in the TeV range, it is not valid to the purpose. Instead, the b quark must be taken for a heavy quark Additional dangerous operators which could violate flavor at low energy must be proportional to the only sources of flavor violation, namely the matrices λ u,d,e . For example, the next leading flavor violating diagrams come from gauge one-loop corrections which are suppressed by a factor of g 2 16π 2 compared with the leading diagrams. One finds that additional dangerous operators which could violate flavors are much suppressed, so the low energy Yukawa matrices are nearly aligned with the matrices λ u,d,e .
As for the SUSY flavor problem, we take the masses of all the SM superpartners and Ultrascalars be the UV cutoff scale, Λ ∼ 10 TeV or above so that little or no squark and slepton mass degeneracy is required at low energy to satisfy the phenomenological constraints on CP conserving flavor changing neutral currents (FCNC) [14] . Constraints associated with one-loop contributions to the neutron electric dipole mement, involving gaugino and squark exchange, are also satisfied even if CP violating phases are of order one. Thus, in this scenario, one can naturally resolve the SUSY flavor problem.
However, there are potentially dangerous sources of FCNC due to the presence of a heavy vector-like quark which is required to give the top quark a large mass. The UV completion of the LH model should account for the origin of the heavy vector-like quark and its companions whose masses, if any, lie in the TeV range. In the CLHM, they are spin 1/2 Ultra-color baryons formed of one Ultra-color gaugino and two Ultrafermions. The presence of the heavy vector-like quark induces non-vanishing mixing angles in the neutral currents sector, and they may give significant contributions to the FCNC processes at tree level compared to that from the SM, but all the predictions are beyond the experimental sensitivity in the near future [15] .
R-parity violations in the composite little higgs model
Majorana neutrino masses can be generated once lepton number is violated. In the UV model [11] , there are operators which violate lepton number (and R-parity) and are dimension 4, so if lepton number is violated one would expect there to be the source of neutrino masses. Like in the RPV MSSM [4] , in the CHLM there is no distinction between the down-type Higgs superfield H d and the lepton superfields L α with respect to charges under the gauge group 2 . As a result, it is convenient to denote the four supermultiplets by one symbol
Recall that in what follows we use Greek indices to indicate the usual three dimensional lepton flavor space and Latin indices m, n for the four dimensional extended lepton flavor space. Thus one could generalize (4.1) to the superpotential with R-parity violations:
where the µ and ω of the CLHM (in (4.1)) are now extended to four-component vectors µ m = (µ, µ α ) and ω m ≡ (ω, ω α ), respectively. λ d m,αβ is a vector in a similar fashion while λ e mn,α becomes a antisymmetric tensor under the intercahnge of the indices m, n. By adjusting the phases of the lepton superfields L α one can make either µ α or ω α positive and real. In what follows we take ω α be real and positive. Assuming that the effects of R-parity violation is quite small, one expect that |µ α | ≪ |µ| and ω α ≪ ω. Note that the small RPV parameters depend on the basis choice for these superfields although physical observables are independent of the choice of basis. In addition we include soft supersymmetry breaking potential , are determined by the following minimization conditions is also real so that these equations become
To satisfiy the assumption (4.3) with the Higgs vev's v u,d ≪ f , there is only one solution for the Higgs vev's, v u = v d = 0. That is, the gauge group of the LH model is unbroken above the UV cutoff scale so that its gauge bosons are still massless. However, the SU (2) 1 × SU (2) 2 gauge groups are broken into its diagonal subgroup SU (2) L at the scale f and the broken gauge bosons acquire mass of order gf . Furthermore, at the electroweak scale the SM gauge groups are broken and the W and Z bosons acquire masses. In the CLHM, the contributions to the W and Z masses arise just after the vev's of the Ultrafermion condensate are turned on. The W and Z bosons acquire masses from three different sources; the leading contribution comes directly from the doublet higgs vev, v and the other two from the H u,d vev's which are driven by the doublet higgs and from the triplet higgs. So the contribution from the Higgs H u,d is a new addition to the LH model. The ratio of the down type Higgs vev to the doublet higgs vev is given by
where we have assumed Λ ∼ M d . The Higgs contribution should be much smaller than the composite doublet higgs contribution so that one can ignore the Higgs contribution in the LH model. This is accomplished by taking the ratio to be sufficiently smaller than one:
However, ω can not be arbitrarily small because it should meet the condition (4.8). Taking λ d 33 be of order one, one can choose ω parameter be in the range of 0.1 ω 1, which is a naively expected value for this scenario.
Contributions to the neutrino masses
To begin with, we briefly review the latest neutrino data from neutrino oscillations experiments. The observation of neutrino mixing effects in solar and atmospheric neutrinos suggests simultaneously neutrino mass hierarchy and large mixing. In the framework of the three neutrino states left-handed neutrino fields ν α in weak eigenstate (α = e, µ, τ ) are mixtures of left-handed neutrino field ν i in mass eigenstate with the mass m i (i = 1, 2, 3)
where U αi is a 3 × 3 unitary mixing matrix parameterized in the Kobayashi-Maskawa manner. Then the diagonalization of the neutrino mass matrix is given by
where we choose a basis where neutrino mass eigenstates are in ascending order of mass, (m 1 ≤ m 2 ≤ m 3 ). Data from the recent neutrino oscillation experiments are best explained with the following set of parameters [2] .
where ∆m 2 ij ≡ m 2 i − m 2 j are the neutrino mass-squared differences and θ ij are the leptonic mixing angles.
In the previous section we have shown that the RPV terms in the CLHM allow lepton number violation by one unit. Now two of these can be taken together to construct a neutrino Majorana mass term which violates lepton number by two units at low energy. Contributions to neutrino masses can, in general, arise from both tree and loop level diagrams. In a generic RPV MSSM, it has been shown that the bilinear µ α -term provides very economical framework for neutrino mass hierarchy and large mixing [17] : The bilinear term gives mainly the largest neutrino mass and the one-loop contributions are subordinate, inducing other light neutrino masses. Interestingly, we have showed that there is an additional RPV ω α -term in the CLHM compared to a generic RPV MSSM. Though it is a trilinear term at high energy it behaves as a bilinear term at low energy after the Ultrafermion condensation takes place. The ω α -term can, in turn, provide another possible candidate for the solution of neutrino mass hierarchy in the absence of the µ α contribution.
Tree level (µµ) contribution
In the previous section, we have shown that the µ parameter of the CLHM is extended to a four-vector, µ m , and this admits bilinear RPV interactions between leptons and Higgsinos,
Two of these interactions are joined together and then ∆L = 2 LFV interactions are induced through mixing with the neutralinos as shown in Fig. 2 . As in a generic RPV MSSM, the 7 × 7 gaugino-Higgsino-neutrino mass matrix in a basis spanned by the two neutral gauginos, the Higgisinos, and three generations of neutrinos is non-diagonal:
where M 1,2 are the gaugino mass parameters, and we assume mass hierarchy among the parameters:
Assuming that all the masses of gauginos and Higgisinos are of order 10 TeV or higer, one can integrate out all of them at low energy. Thus the mass matrix for remaining neutrinos is estimated by
This constitutes a rank 1 mass matrix, leading to only one nonzero mass eigenvalue which is presumably m 3 :
Note that it is suppressed by huge scale difference between Majorana gaugino mass and the down type Higgs vev. In contrast, they are same order in the RPV MSSM. 
One-loop neutrino masses
Combination of two among ∆L = 1 LFV interactions in the superpotential and in the soft supersymmetry breaking scalar mass terms gives rise to one-loop induced neutrino mass as in a generic RPV MSSM [4, 17, 18] . The one-loop contributions can not induce the LFV operator in (2.6) due to no couplings to the Ultrafermions. [
• (µλ e ) Loops: Due to Yukawa suppression compared with the (µλ d ) loops one can safely ignore (µλ e ) loop contribution in neutrino mass matrix.
• (λ d λ d ) Loops: Plug in the upper bound of λ d α,33 one see that this contribution is much suppressed. • (µB) Loops : ǫ, a suppression factor, is expected to be 1. For δ µ ∼ 10 −4 , one can set the upper bound of δ B ≡ |B α |/B is 10 −7 . Of course, if the suppression factor is much less than one, the upper bound of δ B is increased.
• (BB) Loops : For δ B ∼ 10 −7 , this contribution is much less than the (µB) loop contribution. Further, there is a suppression factor ǫ ′ . Therefore, one can see that this contributes very little.
In general, (µB) and (BB) loops are least constrained so that they may give the largest loop contributions. But we assume that they contribute insignificantly to the neutrino mass in the presence of large tree level contributions to maintain neutrino mass hierarchy in a simple scenario.
(ωω) contribution
Now we focus on the ω α -term in (5.1), which is a trilinear interaction:
where we write down explicitly dependence of the gauge indices i, j = 1, 2. Two of these interactions are combined together, and ∆L = 2 LFV interactions are induced below the cutoff scale Λ through the Ultrafermions condensation. The two diagrams shown in Fig. 3 give rise to neutrino mass matrix below the energy scale f . Even though the interaction is trilinear above the UV cutoff it behaves as a bilinear interaction once the Ultrafermon condensate takes place. Taking the mass of the Ultrascalar φ 0 be of order of Λ as in Ref. [11] , one has the neutrino mass matrix as follows,
This also constitutes a rank 1 mass matrix, leading to only one nonzero eigenvalue,
Comparing with definition of the coupling constant z αβ in (2.9) one write down the coupling constant in terms of
For m 3 0.1 eV, the upper bound of the coupling constant is given by |z αβ | 10 −12 as in (2.11), and then one gets the upper bound of ω α ,
For ω ∼ 1, as assumed before, the upper bound of the RPV paramter is estimated by
Leading (ωω) contribution in neutrino masses
Now we compare between the (µµ) contribution and the (ωω) contribution to neutrino masses. If the (µµ) contribution is dominant then the analysis of neutrino mass matrix is very similar to that of a RPV MSSM. In this case neutrino masses are almost blind to the physics of the LH model. On the contrary, if the (ωω) contribution is dominant, neutrino masses are almost blind to the UV physics of the LH model. In this case, one still maintain the neutrino mass hierarchy scenario. There is a special case where µ α is parallel to ω α . In this case, we still maintain neutrino mass hierarchy. For more complicated situations, i.e. the two contributions are competitive, and µ α is not parallel to ω α , one can consider degenerate neutrino mass patterns.
With that in mind, we further assume that the (ωω) tree level contribution is much larger than (µµ) tree level contribution. This is an interesting region of RPV parameter space, which we will seek further. Now we assume that the two light neutrino masses are zero, and only nonzero neutrino mass is m 3 . Hence Eq. (6.18) becomes a exact relation, and one get a simple relation forω α (≡ ω α / ω 2 1 + ω 2 2 + ω 2 3 ) from Eq. (6.2) and (6.17): Here we ignore CP phase because the three ω α are, by definition, all real parameters. Then we identifyω α with the mixing angles: ω 1 = s 13 ,ω 2 = s 23 c 13 ,ω 3 = c 23 c 13 (7.3) With the experimental fit sin 2 θ 23 = 0.50, we see thatω 2 =ω 3 .
Conclusion
The littlest higgs model describes the SM higgs as one of a set of pNGBs, which implies the UV cutoff of the littlest higgs model is not so high that the UV physics may give new contributions to the prediction of the littlest higgs model. Therefore, the UV completion of the littlest higgs model is necessary to exactly predict the physics around 1 − 10 TeV scale.
The composite little higgs model is a candidate of the UV completion of the littlest higgs model. In this paper, we have further worked out flavor physics of the composite little higgs model. We see that fermion masses are generated via four-fermi interaction between ordinary fermions and Ultra fermions together with condensation of Ultra fermions. The mediators of the four-fermi interaction are heavy Ultra scalars with mass of order 10 TeV, which naturally explains the suppression of FCNC.
We have constructed a low-energy effective operator which describes interaction between leptons and pNGBs in the littlest higgs model. After acquiring the vev's, the higgs doublet and the higgs triplet give rise to a neutrino mass matrix. R-parity violation is incorporated into the composite little higgs model such that lepton flavor violation and neutrino mass are naturally explained. We have identified several lepton flavor violating operators with R-parity violating interactions. In particular, we identify the origin of the low-energy LFV effective operator in the littlest higgs model. We have analyzed a special region of PRV parameters where (ωω) contribution to neutrino mass matrix dominantes over other contributions.
One can further ask questions on lepton violating processes like µ → eγ and µ → 3e in the composite little higgs model. We expect that the prediction of these processes are much lower than the current experimental bounds because mass scale of Ultra scalars are larger than that of the MSSM, and the coupling constant z is very small.
Finally, we mention that one can apply this supersymmetric UV completion to the other little higgs models for neutrino masses provided that one finds correct strong guage dynamics resulting in a set of pNGBs of the models. 
APPENDIX
The gauge eigenstates of the Higgs fields h + and φ + can be written in terms of the mass eigenstates of the Higgs fields G + and Φ + as follows:
We use the following notation for the physical mass eigenstates: H and Φ 0 are neutral scalars, Φ P is a neutral pseduscalars, Φ + and Φ ++ are the charged and doubly charged scalars, and G + and G 0 are the Goldstone bosons that are eaten by the light W and Z bosons, giving them mass. Note that in defing the mass eigenstates we have factored out an i from φ. The mixing angles in the pseudoscalar and singly-charged sectors are easily extracted in terms of the vacuum expectation values:
